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ABSTRACT
Nitrous acid deamination reactions of 6-aminocyclodecanol and 
cis- and trans-2-atninocyclooctanol were investigated by means of a 
product analysis approach. In these systems, one can distinguish the 
products formed from carbonium ion intermediates and those formed from 
diazoic acid or diazonium ion intermediates. The expected carbonium 
ion product, cyclodecanone, comprises only 2$ of the product mixture 
from the deamination of 6-aminocyclodecanol. The major component, 
cis-5-cyclodecen-l-ol. comprises 88$ of the product mixture and is 
thought to arise primarily from an intramclecular reaction of the 
diazoic acid intermediate. In the cyclcoctyl system, the major products, 
cyclooctanone (19*5$ from the cis amino alcohol and G.b'jo from the trans 
amino alcohol) and cycloheptanecarboxaldehyde (*1-5*2$ from the cis amino 
alcohol and 66.5$ from the trans amino alcohol), are formed from 1 ,2- 
hydride and methylene shifts, respectively, that are thought to occur 
in the diazonium ion or diazoic acid intermediate. The minor products,
2-cycloocten-l-ol, 3-cycloocten-l-ol, 1 ,2-cyclooctanediol and acetoxy- 
cyclooctanols, are formed primarily from the carbonium ion.
The structure of a nitrosamine product formed during the de­
amination of cis-2-aminocyclooctanol was determined. The reaction which 
yields nitrosamine compounds during the deamination process was investi­
gated. The nitrosamines were shown to result from the reactions of the 
amino alcohols and cycloheptanecarboxaldehyde via an oxazolidine inter­
mediate. Four different isomeric nitrosamines were identified, and ten­
tative structures were assigned.
ix
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In the course of this investigation I synthesized lta,8a- 
epoxy-l,U,5,8-tetrahydronaphthalene. The nmr spectra and the results 
obtained from spin decoupling techniques of the epoxy compound and the 
related compounds 4a,8a-imino- and i)-a,8a-methano-l,4,5 ,8-tetrahydro­
naphthalene are reported.
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CHAPTER I 
Introduction
Simple, stable carbonium ions in solution were first 
postulated and discovered at the beginning of the twentieth century.2 
Twenty years later Meerwein and van Emster3 suggested that a carbonium 
ion was the intermediate in the rearrangement of the camphene hydro­
chloride to isobornyl chloride. Since that time, as most beginning 
organic chemistry students learn, many experimental data characterizing 
reactions involving carbonium ions as intermediates have been accumu­
lated. As the knowledge of these intermediates deepens, even more in­
triguing questions arise.
This study involves an examination of the product distribution 
that results from the nitrous acid deamination of certain amino alcohols 
containing cyclooctane and cyclodecane ring systems. These systems were 
specifically chosen because they should yield information about the 
cationic intermediates formed during the deamination process.
There are now many ways to generate carbonium ions in 
solution^ e.g., solvolysis, amine deamination, protonation of olefins, 
Friedel-Crafts reactions, and oxidative decarboxylation of carboxylic 
acids. The most thoroughly studied of these are the solvolytic 
reactions.
Bethell and Gold1 define simple carbonium ions as singly charged 
organic cations containing even numbers of electrons.
1
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Even a casual comparison of the data from these various
reactions indicates that the method of formation determines the type
of carbonium ion that is formed. For example, data for the solvolysis
+
°f cis- and trans-5-t-butylcyclooctyl tosylates and for the deamination 
of the corresponding amines are shown in Table I.4 If the products 
reported here are the result of the reaction of a carbonium ion, then 
the carbonium ion formed from each reactant is "different". This 
example seems to be an extreme one and, by itself, would indicate that 
radically different intermediates occur in these two reactions.
Virtually no one in the field would question the assumption that all 
of these reactions proceed through cationic intermediates. However, it 
is obvious that the cations are not identical; they may differ in 
energy, degree of solvation, lifetime, or in some more subtle charac­
teristic. I chose this example specifically because it illustrates 
three points: (1) the differences between carbonium ion intermediates
formed from solvolytic reactions and those formed from nitrous acid 
deamination reactions; (2) the use of medium ring compounds as diag­
nostic systems to analyze for subtle changes in the reaction intermediate 
and (3) the use of product distribution as an indicator of the reaction 
intermediate.
TTosylate is the commonly-used name for £-toluenesulfonate, although 
it does not have IUPAC approval. Because of its common appearance 
in the literature, tosylate will be used in this Dissertation.
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TABLE I
Product Distribution from the Solvolysis and Deamination of 
cis- and trans-5-t-Butylcyclooctyl Tosylates and Amines in Glacial Acetic Acid4
Reactant Products
OAc QAc OH
cis-Tosylate 
trans-Tosylate 
cis-Amine 
trans-Amine
991 
90$ 
?6$ 
H56
10$ 
856 
11$
11$
15$ 41$ 10$
>1
Medium Ring Compounds
Medium ring compounds are classified as those cyclic molecules 
which contain 8 , 9, 10, or 11 atoms in the ring. These compounds differ 
considerably from the small (3 and U atom) rings, common (5> 6, and 7 
atom) rings, and the large (12 or more atom) rings. In addition to 
Baeyer (angle) strain and Pitzer strain (interaction between groups 
bound to adjacent carbon atoms), these compounds show another kind of 
strain - transannular strain. Transannular strain is caused by the
end-on interaction of atoms or orbitals in positions other than adjacent
*
positions. Transannular strain is one of the interactions that have 
been designated I-strain by H. C. Brown.6 These transannular inter­
actions are manifest in a higher ground state energy which is reflected 
in the lower heats of combustion per methylene for medium ring compounds 
than for other cyclic and acyclic systems.7 Another manifestation of 
transannular strain is that reactions that proceed from tetrahedrally 
bonded (sp3) atoms to trigonally bonded (sp2) atoms are accelerated 
because of relief of transannular strain, and conversely, reactions 
proceeding from trigonally bonded (sp2) atoms to tetrahedrally bonded 
(sp3) atoms are decelerated in comparison with positions of "normal" 
systems.
Because of the conformation of medium ring compounds, certain 
atoms or groups located across the ring from one another are close to 
the reaction center. Under strong electron demand (i.e., cationic
Some polycyclic systems have special geometries and also exhibit this 
type of interaction.5
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intermediate or precursor), these groups can migrate and form a new 
cationic center. If the migrating group is a hydrogen atom, which is 
usually the case, the reaction is called a transannular hydride shift. 
One of the first examples of a systematic study of reactions of this 
type was that carried out by Cope's group for the formolysis of cis- 
cyclooctene oxide.8"12 The product distribution from this reaction is 
shown below:
1
r»j
(5-19#)
OH
\ k
%
0
( 23-30#)
OH
X
(11$)
OH
,-OH
OH
OH
W )
(0.1$)
L
(Trace)
0
(0.1$)
8
.OH
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Clearly only compounds 3^  and ^  could result from the initially 
formed carbonium ion via any process other than multiple 1 ,2-hydride 
shifts and/or transannular reaction. Compound 8 was thought to haver>J
arisen from compound ^  via the following mechanism:
H-C-0
•>
OCHO
Compounds 2 - <5 probably result from either 1,3 transannular hydride 
shifts or 1,5 transannular hydride shifts in the manner shown below.
<-iii
Evidence that transannular hydride shifts rather than multiple 1,2 
hydride shifts are responsible for the formation of these products was 
obtained from the formolysis of 5,6-dideuterio-cis-cyclooctene oxide. 
The separation and degradation of the products of this reaction gave 
the deuterium distribution expected for transannular hydride migration. 
For some of the products, the determination of the proportion of 1,5 to
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71,3 hydride shifts was possible, and, as expected, the 1,5 shift 
predominated.13 Other experimental evidence for transannular hydride 
shifts has been obtained by use of medium ring tosylates labelled with 
carbon l l +.l4>15 The products generated by solvolysis of these compounds 
were degraded, two carbon atoms at a time, and the fragments were 
assayed for the radioactive label. The distribution of the radio­
active label was that predicted for transannular hydride shifts and 
not the distribution predicted for conventional 1,2 hydride shifts.
When cis-cyclooctene oxide was solvolyzed with a variety 
of acids the following results were obtained:16
Acid Used Normal
Reaction
Transannular
Reaction,^
Trifluoroacetic acid 0 100
Trichloroacetic acid 6 91+
Formic acid 13 87
Acetic acid 1+6 51+
Acetic acid containing 
silver acetate 76 211-
Trimethylacetic acid No reaction
These results seem to reflect the nucleophilicity of the solvent (acetic 
acid is more nucleophilic than trifluoroacetic acid), a property that 
is also reflected in the medium effects on neighboring group participa­
tion.17 The less nucleophilic the solvent, the more important becomes 
the nucleophilicity of the migrating hydride ion. In normal cyclic 
and acyclic systems, this subtle effect is reflected only in the
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kinetics of the reaction and not in the product distribution, but for 
medium ring compounds the product distribution as well as the kinetics 
can be used to study these effects.
Deamination Reactions
The deamination reaction was discovered in 1846 by Piria 
prior to the discovery of the aliphatic amines in 1848 by Wurtz.18 
In I96I, Zollinger wrote about these reactions: "In spite of the
expenditure of much effort, a great deal of work remains to be done in 
order to advance beyond the current, rather rudimentary understanding 
of these reactions."19 In I967, writing on this same subject, Guthrie 
said: "There are few reactions of organic chemistry which have been
more extensively examined than deamination of primary amines, yet 
basic problems remain unresolved and obvious experiments require 
attention."20
One of the main reasons for the inherent difficulties in the 
study of nitrous acid deamination of primary amines is the complexity 
of the reactions shown below.
RNH2 - RNHNO RNaOH - RN2+ - R+ - Products
Although the kinetics of deamination reactions are complex in all the 
systems studied, the nitrosation reaction has been shown to be the 
rate-determining step.18 Consequently, for nitrous acid deamination 
reactions, the kinetics of the reaction do not yield any information
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
about the carbonium ion intermediate. In contrast, the carbonium ion 
is formed in the rate-determining step in the case of solvolytic 
reactions and kinetics do yield useful information.
Another complication in these reactions is a direct consequence 
of the energetics of the reaction. The activation energy for carbonium 
ion formation in the deamination reactions of primary amines has been 
estimated to be 3-5 kcal/mole because of the great stability of the 
nitrogen molecule; in contrast, the activation energy of solvolytic 
reactions is a high 25*30 kcal/mole.21
The result of this lower activation energy is to compress 
the range of energies required for competing reactions. Consequently 
a mode of reaction not observed in solvolysis may be important in 
nitrous acid deamination reactions. An example of data illustrating 
this effect was given in Table 1 which shows the larger product spread 
from the deamination reaction than that from the solvolytic reaction.
As a consequence of these arguments, the carbonium ion resulting from 
the deamination reactions has been referred to as a "hot" or "poorly 
solvated" ion.22
Another complication of deamination reactions is molecular 
rearrangements may occur as concerted alkyl, aryl, or hydride migration 
with concurrent nitrogen loss (Equation 1) or the rearrangements may 
occur after the formation of the free carbonium ion (Equation 2).
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1 0
Scheme I
Concerted and Stepwise Rearrangements in Deamination Reactions
\lN2+
—  '*
(Equation 1)
(Equation 2)
Evidence of rearrangements via either pathway and even for partitioning 
between the two pathways is now well documented.23"27
Another possible mode of reaction,that has been championed 
by Streitweiserf1 involves the bimolecular displacement of the nitrogen 
by solvent attack on the diazonium ion. There are conflicting views 
concerning the importance or the existence of these bimolecular reactions 
for normal cyclic and acyclic systems. For medium ring compounds, 
bimolecular substitution reactions are slow compared with carbonium 
ion reactions, and the only hydrogens in favorable trans coplanar steric 
position relative to the leaving nitrogen are intraannular ones that 
are protected from attack by base. Therefore virtually all the products 
are probably formed from carbonium ion intermediates.
A rather useful framework for the interpretation of the 
processes occurring in nitrous acid deamination has been proposed by
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Whiting as a result of his studies with primary alkyl and secondary 
alkyl octylamines.28*29 He focused attention on the expected lifetimes 
of the possible short-lived intermediates formed in the manner of 
Equation 5*
4- — •)- -
Precursor -* R-N2-X -♦ RN2 X R N2 X -» Products 3
A B C
In the primary and secondary alkyl systems the energy profile 
shown in Figure 1 was proposed. Whiting proposed; (1) In the primary 
system the diazonium ion B will be sufficiently long-lived in comparison 
to the carbonium ion to have considerable importance in the formation 
of products; and (2) In the secondary system the breaking of the 
N-alkyl and N-X bonds is essentially synchronous, ion B is bypassed, 
and all the products result from the carbonium ion. Certainly for the 
secondary alkyl system the energy barriers for synchronous and 
asynchronous loss of nitrogen are not very great. In medium ring 
systems slight changes in the substrate could affect the energies of 
the transition states enough to result in a partitioning of the 
reaction between synchronous and asynchronous loss of nitrogen. If 
such is the case, then products could arise from all the possible 
intermediates.
That some of the products formed during nitrous acid deamina­
tion of primary amines result from carbonium ions is almost an experi­
mental certainty. The central mechanistic questions are how much 
product arises directly from diazonium ion or its precursors and
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r -n 2-x
R-N Extends N-X Extends R-N and N-X Extend
Secondary Alkyl 
Primary Alkyl
Figure 1. Energy Profile for One- and Two-stage 
Solvolysis of R-N2-X29.
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1 5
by-passes the carbonium ion, and how partitioning between these two 
ions depends on the structure, leaving group, solvent, and other 
parameters.
With hopes that our system would yield data to clarify some 
of the problems outlined in this discussion, this present study was 
undertaken.
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CHAPTER II 
The Nitrous Acid Deaminations of 
cis- and trans-2-Aminocyclooctanol
Deaminations with Cyclooctane Systems
In their study of the product distribution from the nitrous 
acid deamination of cis- and trans-2-aminocyclooctanol, Traynham and 
Yang22 isolated compound g, during the work-up of the deamination reac­
tion of the cis amino alcohol but not from that of the trans amino 
alcohol. They characterized this compound by nmr, ir, uv, and elemen­
tal analysis, but were able only to assign the structure as either ga 
or gb.
The 60 MHz spectrum for this compound (Figure 5) consists of 
multiplets at 6 5*36 (1, H& , d, J = 3 Hz), 4.4 (1, t^, bm), 3-81 (H , 1, 
m), 2.3 (lj Hj), and 1.5 (25). The 100 MHz spectrum is similar to the 
60 MHz spectrum except that the downfield doublet H„ appears as aa
doublet of doublets (j = 3*0 and 0.7 Hz) and the multiplet Hc is
resolved into a doublet of doublets (j = 7«5> 5*5 and 5 Hz).
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r>
Compound g^was subjected to spin decoupling with the 100 MHz 
instrument, yielding the spectrum shown in Figure 6 . The important 
features of the spectrum are: (1) Irradiation of Hd has little or no
effect on protons and Hc, but causes Hfl to collapse into a slightly 
broadened singlet; (2) Irradiation of changes the multiplet to a 
sharp doublet with a coupling of 3 Hz; (3) Irradiation of Hc has little 
or no effect on H ; (I)-) Irradiation of the ring protons at 19^ Hz
a
causes H to collapse to a broad singlet absorption (probably caused
a
by a concurrent decoupling of H^) and causes H^ and Hc each to approach 
a doublet pattern. We think these data indicate that compound ^  Has 
the structure gb with the proton assignments as shown below. Proton Hfl
is influenced by both electronegative groups and should be the farthest 
downfield proton. The decoupling data indicate that Hq is coupled to 
H^ (j = 3 Hz) and to (j = 0.7 Hz). These are reasonable values for
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1 6
vicinal and 1,3 couplings respectively. The observed chemical shifts
for H, and H are similar to those seen in related systems.30 Other b c
workers in this laboratory are investigating the structure of this 
compound with chemical shift reagents to verify the above assignments 
and determine the stereochemistry of the molecule.
Further evidence for this structure was obtained from the 
deamination of cis-2-aminocyclooctanol in the presence of an equimolar 
amount of added cycloheptanecarboxaldehyde, a reaction which produced 
a yield of compound g, twice that obtained from the deamination 
without added aldehyde. For compound 9b this result would be predicted; 
but for compound it would be completely unexpected.
The apparent formation of compound from the deamination 
of the cis-2-aminocyclooctanol but not from the deamination of the 
trans-2-aminocyclooctanol stimulated a more thorough investigation into 
the processes occurring during these reactions. Compound gb seems to 
arise from the reaction of cycloheptanecarboxaldehyde, a product formed 
from the deamination reactions of both the cis and trans amino alcohols, 
with either the unreacted amino alcohol or an intermediate in the 
deamination reaction. Since a larger proportion of cycloheptanecarbox­
aldehyde is formed from the trans amino alcohol than from the cis amino 
alcohol, we wondered why compound was not formed or isolated from 
this reaction.
A set of deamination reactions was initiated using cis- and 
trans-2-aminocyclooctanol mixed with an equimolar quantity of banzalde- 
hyde added prior to the addition of the nitrous acid. Benzaldehyde
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was specifically chosen to permit the ratio of the nmr absorption of 
the remaining aromatic aldehyde protons to that of all aromatic protons 
to be used as an analytical indicator of the formation of an aromatic 
nitrosamine that is similar to compound gb except that it has a phenyl 
group in place of the cycloheptane ring. In a control reaction, 
benzaldehyde was shown to survive the deamination procedure.
As determined by the analytical procedure described above, 
the yield of aromatic nitrosamine was 25$ from the trans amino alcohol 
and 19$ from the cis compound. The aldehyde proton singlets of cyclo­
heptanecarboxaldehyde and benzaldehyde were separated in the nmr spec­
trum. Integration of these signals gave the ratios of cycloheptane­
carboxaldehyde: benzaldehyde as 0.1:1 for the cis compound and 0.16:1 
for the trans compound. Confirmation of the above data was obtained 
by using the unreacted benzaldehyde as an internal gc standard. The 
data indicate that the ratios of cycloheptanecarboxaldehyde:cyclo- 
octanone previously reported are correct, but the yields of these 
products are much lower than those reported.
It is possible that some of the benzaldehyde is oxidized to 
benzoic acid during the deamination reaction. In the control reaction 
brown gas (N02) was given off upon the addition of sodium nitrite. If 
benzoic acid is formed, it is removed in the sodium bicarbonate washings 
of the work-up procedure. The loss of benzaldehyde in this manner would 
result in higher apparent yields of aromatic nitrosamine, cycloheptane­
carboxaldehyde, and cyclooctanone.
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In the nmr spectrum of compound ^ b, the proton designated Ha 
(alpha to both the oxygen and the nitrogen atoms of the oxazolidine 
ring) appears as a downfield doublet, 6 5*27* If an aromatic nitrosamine 
is formed, the equivalent proton would appear as a singlet and even 
farther downfield, In the nmr spectrum of the deamination mixture from 
the cis amino alcohol with added benzaldehyde there appears in addition 
to the expected doublet, 6 5.ZT, two singlets, 6 6.32 and 6 5.98, 
either or both of which could be due to an aromatic nitrosamine compound. 
In the nmr spectrum of the deamination mixture from the trans amino 
alcohol mixed with benzaldehyde, a downfield doublet pattern corresponding 
to that from the cis compound at 6 5«2T was not observed. Instead, a 
doublet at 6 5*6 (J = 8 Hz) is present and is obtained from all the 
deaminations (to be discussed later) of the trans amino alcohol. In 
addition to this pattern two other singlets at 6 6.56 and 6 7*08 are 
seen, either or both of which could arise from aromatic nitrosamine 
compounds.
The results from this series of reactions are:(l) The actual 
product yields are lower than those previously reported for both the 
cis and trans amino alcohols. (2) A compound like 9b is probably 
formed from the deamination of the trans amino alcohol. (3) The 
nitrosamine compounds formed from the stereoisomeric amino alcohols by 
trapping with either benzaldehyde or cycloheptanecarboxaldehyde are 
different.
To determine the actual yields of products from the nitrous 
acid deamination reaction of cis- and trans-2-aminocyclooctanol, the
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reactions were performed with added biphenyl as an internal standard. 
Biphenyl was chosen as an internal standard because it is inert to the 
reaction conditions and can be used as a standard for both the gc and 
nmr analyses. The yields obtained from this set of reactions are shown 
in Table III. The yields of nitrosamine compounds were determined 
from the nmr integration of the downfield doublets at 6 5*27 for reaction 
of the cis alcohol and at 6 5-6 for reaction of the trans alcohol. The 
yield of cycloheptanecarboxaldehyde was obtained from both the nmr 
integration and gc analysis; the yield of cyclooctanone was obtained 
from gc analysis. Since compound jUij in Table III represents equimolar 
amounts of cycloheptanecarboxaldehyde and unreacted amino alcohol,
Table IV was prepared by adding one half of Column l£tj to Column 10^  and 
adjusting the percentage yield to that amount of material which is 
actually a result of the deamination reaction.
Although this study indicates that the product yields pre­
viously reported are not correct, it does not indicate that the 
conclusions based on these results are necessarily wrong. These 
workers emphasized that the products obtained from the nitrous acid 
deamination reactions of 2-aminocyclooctanol are considerably different 
from those products obtained from the acid catalyzed reactions of 
cyclooctene oxides9 ’11>31 and glycols.32 One major difference in the 
product distribution is that the transannular products, cis-3~ 
cyclooctenol (3)> 1,4-epoxycyclooctane , 1,3-epoxycyclooctane (6), 
and trans-2-vinylcyclohexanol derived from the epoxide and glycol
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TABLE II22
Previously Reported Yields from the Deamination of 
cis- and trans-2-Aminocyclooctanol 
Yield 2
1 10 11 I & 14rw»
26 10 2.3 3-5 2.4 41.
12 67 1.2 2.9 4.2
Amine
cis
trans
TABLE III
Yields Obtained with Internal Standard 
7 10 11 3 12 15fKj fsjsj Sj r w  rs is j
14.2 6.8 1.1 1.7 1.2 10
4.8 25.2 0.6 1.5 2.1 ~10
*
14 
53
49-5
TABLE IV
Adjusted Yields for the Deamination Reactions of 
cis- and trans-2-Aminocyclooctanol
Amine I 10fVN/ 11rw £ & a 14
cis 19.3 45.2 1.5 2.3 1.6 rv 14
trans 6.4 66.5 0.8 2.0 2.8 rv 14
Represents either nitrosamine compound gb or 1(5.
20
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reactions are either absent (3, (5, 1^) or present in considerably smaller 
proportions in the product mixtures from the deamination reactions.
The ring-contracted product, cycloheptanecarboxaldehyde, which is the 
major component in the deamination product mixture of both the amino 
alcohols, was not detected in the product mixtures of the epoxide or 
the glycol reactions. The normal 1,2-hydride shift product, cyclooctanone, 
is more prevalent in the deamination reaction product mixtures than in 
the product mixtures from the epoxide and glycol reactions.
Traynham and Yang22 postulated the following two alternate 
descriptions of mechanisms of product formation accounting for the 
differences among these reactants utilizing both bridged and unbridged 
carbonium ions:
(i) (a) Cyclooctene oxide and glycol react mainly 
through a 2-hydroxycyclooctyl cation which gives products 
almost exclusively after transannular hydride shift, but 
(b) amino alcohol (or more precisely, 2-hydroxycyclo- 
octanediazonium cation) reacts by concurrent migration 
of hydrogen or alkyl during departure of nitrogen, 
without substantial carbonium ion development.
(il) (a) Cyclooctene oxide and glycol react by forma­
tion of a transannular hydrogen-bridged carbonium ion 
which gives mostly or exclusively transannular products, 
but (b) deamination of amino alcohol leads to an 
unbridged 2-hydroxycyclooctyl cation in which 1,2- 
shifts rather than transannular shifts lead to 
products.
These workers were unable, with the experimental data at hand, to make 
a choice between the two descriptions.
A reaction that yields a product mixture similar to that 
obtained from nitrous acid deamination reactions of cis- and
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trans-2-amlnocyclooctanol is the reaction of cis-cyclooctene oxide with 
magnesium bromide. Cope and Hecht33 reported that the reaction of cis- 
cyclooctene oxide and magnesium bromide at 70° without solvent gave 
a mixture of cycloheptanecarboxaldehyde (2l$ yield), cyclooctanone (9$)»
1,U-epoxycyclooctane (8.8$), and trans-2-bromocyclooctanol (15.8$).
The reaction of cis-cyclooctene oxide and magnesium bromide in 
tetrahydrofuran (THF) produced the same products in similar amounts, 
except that the yield of l,k-epoxycyclooctane was less than 1$. Their 
product mixtures were vacuum distilled, and the distillates were 
analyzed.
In the present study, cyclooctene oxide in ether was added 
to a solution of magnesium bromide in ether over a period of one hour, 
dry benzene was added, the ether was removed by distillation, and the 
benzene solution was refluxed for 3 hours. The resulting benzene solution 
contained three volatile components: 1,4-epoxycyclooctane, cyclo­
heptanecarboxaldehyde, and cyclooctanone in molar ratios of 1:6.1:3.9- 
When this reaction was worked up by distillation, a larger proportion 
of the l,U-epoxycyclooctane was obtained, presumably the result of 
reaction of the bromohydrin.34 The migratory aptitude of the methylene 
shift (ring contraction, aldehyde formation) to 1,2-hydride shift 
(ketone formation) from the epoxide reaction as found by Cope is
2.^:1; from my reaction, the ratio is 1.5:1; and from the reaction of 
cis-aminocyclooctanol, it is 2.3:1.
The similarity in product distribution and migratory aptitude 
indicates that the intermediates in the nitrous acid deamination of
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cis-2-aminocyclooctanol and magnesium bromide ring opening of cis- 
cyclooctene oxide are similar. The product distributions of the above 
reactions are not similar to the product distributions from the acid- 
catalyzed reactions of cyclooctene oxide and glycol, implying that the 
intermediates in the two groups of reactions are different. Since the 
acid-catalyzed reactions of epoxides and glycols are thought to proceed 
through a solvated carbonium ion, then the intermediates in the 
deamination reaction and the magnesium bromide reaction could be 
proceeding through (l) a poorly solvated carbonium ion, (2) a reaction 
prior to carbonium ion formation, or (5) some other intermediate.
The log and ^[55 ]35 of benzene and tetrahydrofuran do not 
indicate that these solvents are good ionizing solvents. Although 50$ 
aqueous acetic acid is a good ionizing solvent in the deamination 
reaction, a poorly solvated intermediate ion may result if the nitrogen 
is generated simultaneously with the gegen ion and this intermediate 
ion may react before it becomes solvated.
Of course another possibility for the magnesium bromide 
opening of the epoxide is that the rearrangements may occur as a 
concerted reaction of the epoxide-magnesium bromide complex in the 
manner shown below
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Cope reported that he obtained the trans-2-bromocyclooctanol 
in a yield of 15.8$, the only bromohydrin reported and the second 
largest component of the reaction mixture. The bromohydrin probably 
results from a bromide attack on the magnesium bromide complex. It is 
unlikely that this stereoselective product is the result of a carbonium 
ion intermediate.
Although the data above do not eliminate the possibility 
that the aldehyde and ketone products could arise from a poorly solvated 
cationic intermediate, they do indicate that these products are more 
likely the result of rearrangements of the magnesium bromide complex 
prior to carbonium ion formation.
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In the same publication, Cope and Hecht33 reported that 
trans-cyclooctene oxide reacts with magnesium bromide in ether at 15° 
to produce 1,4-epoxycyclooctane (25.2$ yield), trans-hexahydro-o- 
tolualdehyde (2^.3$) > cis-hexahydro-o-tolualdehyde (If. 2$), 1»3- 
cyclooctadiene (If,2$), 2-methylcycloheptanone (5*5$)» 3-raethylcyclo- 
heptanone (2.2$), 1-raethylcyclohexanecarboxaldehyde (2.6$), an 
unidentified ether (2.7$) and a mixture of bromocyclooctanols (lif.7$). 
These workers state "that the reaction is exothermic and the absence 
of cyclooctanone and cycloheptanecarboxaldehyde is striking and 
probably caused by a conformational effect."
Clearly the product data above are of the type expected 
from a carbonium ion reaction of a medium ring compound. The difference 
in product distribution from the cis- and trans-cyclooctene oxide 
reactions with magnesium bromide in the solvents tetrahydrofuran and 
ethyl ether is too great to be attributed to a solvent effect or a 
conformational effect on the same kind of intermediate unless no other 
rational alternative exists.
I think that the reason for the difference in product 
distribution is: (l) From the cis-epoxide in THF, all of the product
arises from the epoxide-magnesium bromide complex and no carbonium 
ions are formed; (2) for the trans compound the epoxide-magnesium 
bromide complex immediately proceeds to the carbonium ion due to the 
strain of the trans epoxide, and all the products result from a car­
bonium ion intermediate. By analogy then for the nitrous acid deamina­
tion reaction the major products, cycloheptanecarboxaldehyde and
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cyclooctanone, are probably the result of reaction of diazonium ion 
or diazoic acid prior to carbonium ion formation, and the other minor 
products result from carbonium ions.
If cyclooctanone and cycloheptanecarboxaldehyde are the 
result of an intramolecular reaction of the diazoic acid or diazonium 
ion intermediate, then the product distribution from the cis and trans 
amino alcohols should reflect the conformations of the molecules 
reacting.
The conformations of the diazonium ion or diazoic acid that 
would result from the cis - and trans -2-aminocyclooctanols are shown 
in Figure 2. The cis compound has an equal likelihood of being in 
conformation a or b since the interactions in both conformations are
rv rv*
almost identical. If cycloheptanecarboxaldehyde and cyclooctanone 
result from reaction of the symmetrical magnesium bromide-epoxide 
complex in the magnesium bromide reaction with cis-cyclooctene oxide 
in THF, then the ratios of these products reflect the migratory 
aptitudes for methylene and hydride shifts. Equal populations of 
conformers a^  and b^  for cis-2-aminocyclooctanol should also yield 
ratios of aldehyde and ketone that reflect the same migratory aptitude. 
The nearly identical aldehyde:ketone ratios obtained from the epoxide 
( 2 . k : l )  and from the cis amino alcohol (2.3:1) certainly fulfills 
this expectation.
For the trans compound the conformer populations would be 
e ) d )) f ) c as determined from interactions and models. The product 
distribution obtained, 11:1 cycloheptanecarboxaldehyde:cyclooctanone
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ratio, could be the result of (l) the aldehyde being produced from 
conformer e, the ketone from conformers c and f, while conformer drv rJ r^ J
yields no concerted reaction product or (2) the aldehyde being produced 
from conformer £, ketone and aldehyde from conformer d^  with oxygen 
participation while the least populated conformers c and f yield
rsj
little or no product.
For the nitrous acid deamination reaction of cis- and trans- 
2-aminocyclooctanol, the best interpretation of the data is that most 
of the product is formed from the diazonium ion or diazoic acid before 
carbonium ion formation. The products that arise directly from the 
above intermediate are cyclooctanone, cycloheptanecarboxaldehyde, 
inverted 1,2-glycols and hydroxyacetates. The other products as well 
as glycols and hydroxyacetates are formed from the small proportion 
of diazonium ion or diazoic acid that goes on to free carbonium ions.
Nitrosamine Formation
A series of reactions was initiated to investigate the forma­
tion of nitrosamines during the deaminations of cis- and trans-2- 
aminocyclooctanol. One set of these reactions, the deamination of the 
amino alcohols in the presence of benzaldehyde, was discussed previously. 
In another set equimolar portions of cis- or trans-2-aminocyclooctanol 
with cycloheptanecarboxaldehyde were mixed in an inert atmosphere, 
and sodium nitrite was added after varying lengths of time.
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From the reaction resulting from the addition of sodium nitrite 
immediately after mixing the cis amino alcohol and cycloheptanecarbox­
aldehyde in 50$ aqueous acetic acid, we obtained twice the yield of 
compound 9b that had been obtained by the previous workers without 
added aldehyde. This compound crystallized out of the deamination 
reaction mixture during the work-up as previously reported.22 Similar 
treatment of the trans amino alcohol yielded no corresponding crystalline 
product.
Traynham and Yang reported that compound 9b absorbs at 257 nm. 
The other products of the deamination reaction and cycloheptane­
carboxaldehyde are transparent at this wavelength. The uv spectrum 
of the deamination mixture of the trans amino alcohol with added 
aldehyde indicates that this mixture contained a considerable amount 
of material that absorbed at 257 nm. The uv spectrum also indicated 
that some nitrosamine 9t> remained in the deamination mixture from the 
cis amino alcohol.
The nmr spectra of the deamination mixtures are considerably 
different in the region of 6 5 - 6 . The nmr spectrum of the mixture 
from the cis compound shows a doublet at 6 5*26 (J = 5 Hz); the spectrum 
of the mixture from the trans compound shows two absorptions centered 
at 6 5*6 and separated by 8 Hz. These data indicate that the nitro­
samine compounds formed are not identical, as do the differences in 
physical state (one is a crystalline solid and the other seems to be 
an oil).
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An even more surprising result was obtained from the reactions 
in which the trans amino alcohol and cycloheptanecarboxaldehyde were 
stirred for 2b or 1+8 hours in 50$ aqueous acetic acid before addition 
of sodium nitrite. These reaction mixtures showed the expected 
nitrosamine absorption in the uv spectrum (257 nm)» but their nmr 
spectra included besides the expected apparent doublet at 6 5*6, a 
new doublet at 6 5.11+ (j = 3 Hz), in a ratio of 2:5, respectively.
A mixture of cis amino alcohol and cycloheptanecarboxaldehyde 
was stirred for 1+8 hours in 50$ aqueous acetic acid before the 
addition of sodium nitrite. This reaction mixture also showed the 
expected absorption in the uv spectrum at 237 nm, and an nmr pattern 
identical to that obtained from the undelayed deamination of the cis 
amino alcohol.
The deamination mixture produced by addition of sodium 
nitrite to a mixture of trans amino alcohol and cycloheptanecarbox­
aldehyde in 50$ aqueous acetic acid which had been stirred for 1+8 hours 
was subjected to analysis by spin decoupling. The following results 
were obtained: (1) the doublet at 6 5«1^ (J = 5 Hz) collapsed to a
singlet upon irradiation at 2.09 Hz; (2) irradiation of all other 
absorptions caused no change in the apparent doublet at 6 5*6.
In summary, the data indicate that from all the reactions 
we obtain nitrosamine (uv absorption and nmr spectrum); however, the 
nmr data indicate there are at least three different nitrosamines.
One compound, already identified and labelled 9b, [6 5*26 (d, 1,
J = 3 Hz)] results exclusively from all the deamination reactions of
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the cis amino alcohol either with or without added cycloheptane­
carboxaldehyde and regardless of whether the sodium nitrite addition 
is concurrent with or U8 hours after the addition of aldehyde. A 
second compound, gc, [6 5.16 (d, 1, J = 5 Hz)] has an nmr spectrum 
similar to that of gb and is detected only in those samples from the 
mixtures of trans amino alcohol and cycloheptanecarboxaldehyde with 
delayed addition of sodium nitrite. A third material, 16, (6 5-6 
separation 8 Hz) is the only nitrosamine detected from the undelayed 
deamination reactions of the trans amino alcohol with or without added 
aldehyde and is a minor component of the deamination react ions that 
yield compound gc
There is a further complication in these compounds concerning
.+ .
the configuration of the nitrosamine (N=N>^ ) group; that is, the
0“
direction in which the nitroso oxygen is pointing. All of these 
compounds may exist as two different isomers, one in which the oxygen 
is oriented towards the eight-membered ring and one in which it is 
oriented away from that ring. The purified samples of these compounds 
show an additional minor absorption upfield from the one that we have 
been discussing, equivalent to about 10$ of the sample, which we 
attribute to the isomer with the oxygen oriented away from the eight- 
membered ring,36 since it has been shown that protons cis to the 
nitroso oxygen are shielded. The predominant form is assumed to be 
the isomer in which the oxygen is pointing toward the ring.
Oxazolidines result from the reaction of aldehydes and ketones 
with primary (3-amino alcohols.37 These compounds are thought to exist 
in mobile equilibrium with the Schiff base.38
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The normal procedure for synthesizing oxazolidines is to reflux the 
amino alcohol with the ketone or aldehyde in benzene and remove the water 
that forms by azeotropic distillation.38 It has been shown that a small 
amount of acetic acid catalyzes the reaction.39 The oxazolidines 
generated from the 2-aminocyclooctanols, however, may be favored in 
the aqueous solutions, for ketal formation is extensive during the 
solvolysis of trans-2-hydroxycyclooctyl tosylate in 30$ aqueous 
acetone.40
In Figure 5 are shown three plausible routes for the 
formation of these nitrosamines and the stereochemical consequences 
of each pathway. There are four different geometric isomers that 
could be formed as shown below.
11
R-C-H
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
V j
(CHel2
CH2 vH
cis syn
NO
CH;
NO CH. NO
(CH2 )
trans syn trans anti
Pathway 1 in Figure (3 ) involves a nucleophilic attack by the oxygen 
atom that is attached to the eight-membered ring, and should require 
a syn parallel transition state.41*42 The products of this route
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should have the same stereochemistry at the ring junction as that of 
the starting materials.
Pathway 2 involves a nucleophilic attack by the other 
oxygen atom on the ring and should require an anti parallel transition 
state.41’42 The products of this pathway should have a stereochemistry 
at the ring junction opposite from that of the starting materials.
As a consequence of the equilibrium reaction in the formation of the 
diol, either pathway 1 or 2 can yield varying proportions of syn and 
anti isomers depending upon the rates of the reactions of the 
individual diastereomers.
In pathway 3> if the rate of formation of the nitrosamine 
is the same for either diastereomer, then one-half of the products 
should be syn and one-half should be anti. All of the ring formation 
should occur via nucleophilic attack by the oxygen atom attached to the 
eight-membered ring on the electrophilic carbon atom alpha to the 
positive nitrogen atom, and the stereochemistry of the ring junction 
should be the same as that of the starting materials.
We think compound 16^ , that results from the undelayed 
deamination of the trans amino alcohol with or without added aldehyde 
and comprises 29$ of nitrosamine products of the reaction from the 
mixing of trans amino alcohol and aldehyde prior to sodium nitrite 
addition, is an almost equimolar mixture of the trans syn and trans 
anti isomers.
The pattern seen in the nmr spectrum from this reaction 
mixture which we originally thought was a doublet at 6 5*6 (separation 8
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Hz) really consists of two broadened singlets for the hydrogen atoms 
that are syn and anti. In these compounds the 1,3 coupling must be 
just large enough to obscure the vicinal coupling of about 3 Hz similar 
to that seen in the spectrum from the cis compound. This interpretation 
explains the inability to decouple this pattern centered at 6 5*6.
These compounds could be the result of reaction by pathway 3 
or pathway 1 if the reaction rates of the diastereomers are about 
equal. Considerations of models indicate that either pathway is 
reasonable.
Compounds gb and gc then should be the two remaining isomers. 
Since compound gc results from the reaction of the trans amino alcohol, 
it should be formed via route 2. The interaction in the transition 
state indicated by models leads us to conclude that compound gb is 
probably the cis syn isomer and compound 9c is probably the cis anti 
isomer.
The cb coupling constant for compound gc is 7*5 Hz, this is 
additional evidence that gc is a cis isomer. Other workers in this 
laboratory will probably follow up this study with nmr shift reagents 
and verify the structures of the compounds reported here.
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CHAPTER III
Nitrous Acid Deamination of 6-Aminocyclodecanol
Deaminations with Cyclodecane Systems
It was shown in the preceding section that transannular hydride 
shifts seem to be relatively rare occurrences in the deaminations of 
cis- and trans-2-aminocyclooctanols. However, for cis- and trans-5- 
_t-butylcyclooctylamines, the proportions of transannular hydride shift 
products were 76$ and U $ ,  respectively, as shown in Table I.
reacts in the presence of phosphoric acid to yield 6-methylcyclodecanone 
as the only transannular product.43 These workers not only isolated the
Figure 4. Transannular Rearrangement of l-Methyl-l,6-cyclodecanediol
ketone in 50$ yield but also demonstrated that it arose exclusively from 
a 1,6-transannular hydride shift. The specific hydride shift was 
demonstrated by synthesizing the 6-deuterio- compound which, upon treat­
ment with phosphoric acid, yielded a ketone product that contained all
Prelog's group showed that l-methyl-l,6-cyclodecanediol (I/£)
Me
OH
37
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the deuterium in the 6-position as shown in Figure k . One should 
note that this transannular hydride shift involves rearrangement from 
a tertiary carbonium ion to a secondary oxonium ion. Other workers 
have solvolyzed 1,6-cyclodecylene ditosylates44 18 and found varying 
proportions of the two octalins shown below. For the above system they 
were unable to discern whether the products resulted from a transannular
OTs
OTs
18
hydride migration to form intermediate 19 or from a normal reaction to 
form intermediate 20. Either one of these intermediates could yield 
the observed products by further reaction.45
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The synthesis of 6-aminocyclodecanol is described in the 
Experimental portion of this dissertation. The separation of the cis 
and trans isomers was desired. Attempts to separate by gas chromatography 
both the free amino alcohols and the silylated amino alcohols and by 
fractional entrainment sublimation46 were unsuccessful.
The deamination reaction was therefore carried out using 
partially resolved samples of cis- and trans-6-aminocyclodecanol.
All of the normal deamination mixtures were identical by nmr, ir, and 
gc analysis. The product mixture from the deamination of 6-aminocyclo- 
decanol, contrary to our expectations, contained only 2$ of the 1,6 
transannular hydride shift product, cyclodecanone. The major component, 
comprising 88$ of the deamination product mixture, was cis-5-cyclodecen-
1-ol. In addition, there were two unidentified volatile components,
2-3$ of the product mixture, and two components, 7“8$, with long gc 
retention times; these products are probably glycols and/or acetates.
The cis-5-cyclodecen-l-ol could result from the isomerization 
of the corresponding trans olefin during the long reaction time of our 
deamination procedure. A sample of 6-aminocyclodecanol was therefore 
deaminated over a period of only ten minutes and worked up as quickly 
as possible. The nmr spectrum of this deamination mixture had a vinyl 
pattern similar to that for trans-cyclodecene. Even in the nmr tube 
over a period of 2-3 weeks the vinyl absorption pattern for this 
reaction mixture decayed into the pattern for cis-cyclodecene as 
found in the normal deamination product mixture. Gas chromatography 
studies indicated a 1 :2.2 cis:trans ratio for this deamination mixture.
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Therefore both cis- and trans-5-cyclodecen-l-ol are formed in the 
deamination reaction,but in the acidic medium the trans compound 
isomerizes to the more thermodynamically favorable cis compound.
One explanation for the product distribution we obtained 
from the nitrous acid deamination reaction of 6-aminocyclodecanol is 
that these products are formed from the free carbonium ion 21 shown 
below. Ion 21 is a highly energetic, "hot" ion, is less discriminating
OH
Me
21 22 23
than the corresponding solvolytic ion, and consequently yields a much 
higher proportion of elimination product, 5"cyclodecen-l-ol, than 
transannular product, cyclodecanone. If one accepts the hypothesis 
that l-methyl-l,6-cyclodecanediol when treated with phosphoric acid43 
reacts via a carbonium ion intermediate then either ion 22 or 23  /sf*
above or both ions are formed in this reaction. It has been shown that 
cation 23 does not yield the ketone product since none was obtained 
when l,6-dimethyl-l,6-cyclodecanediol was treated with phosphoric acid. 
The only products isolated from the reaction of phosphoric acid with 
l-methyl-l,6-cyclodecanediol were 6-methylcyclodecanone (50$) and a 
hydrocarbon, C n H i a (33$) • Since the hydrocarbon product
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could result from both ions 22 and 23 and the ketone only from ion 22, 
60$ or more of ions 22^  must yield ketone product. Ion 2X^  is a secondary 
ion and should have an even greater tendency than the tertiary ion 22 
to undergo transannular rearrangement to yield ketone product. It 
seems unlikely that the 44:1 partitioning of the less energetically 
favored elimination reaction to transannular rearrangement can be the 
result of a "hot" ion.
In light of the above argument it is likely that if cations 
21 are formed, then some fraction of them, at least 25$, should lead to 
ketone product. Even this exceedingly low estimate for transannular 
rearrangement would indicate that only 8$ of the product is formed 
from a free carbonium ion.
If the major portion of the product is not formed from a 
carbonium ion, then it must result from a reaction of one of the pre­
cursors in the deamination reaction or by an E2 elimination reaction.
It would seem highly unlikely that an E2 elimination would be an 
important reaction during a deamination process taking place in 50$ 
acetic acid.
One then is left with the choice of one or more of the 
following intermediates in the deamination reaction which are:18
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The two most likely intermediates responsible for the formation of 
5-cyclodecen-l-ol are the diazoic acid, E^, and the diazonium hydroxide, 
F^ . According to Whiting's hypothesis, which was discussed in the 
introduction of this Dissertation, for secondary alkyl systems there 
should be little, if any, diazonium hydroxide formed.
percentage retention of configuration in substitution reactions as an
indication of an S„i reaction of diazoic acid.
N
H
If the above reaction, which involves a lf-membered ring transition state, 
is important in deamination reactions, I can see no reason why the 
following reaction should not be a reasonable possibility for the
Diazoic acid is well documented as an intermediate in nitrous 
acid deamination reactions.18 Some authors22*47"50 have used the
0
\
-♦  C-O-H + N2
/
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elimination process. This intramolecular reaction would also account 
for the normal observance that deamination reactions usually give a
OH OH OH
H
—t +
higher proportion of elimination than substitution reaction products. 
Both elimination and substitution with retention can occur from the 
diazoic acid intermediate. There is a greater likelihood for the 
occurrence of an intramolecular reaction with a 6-membered ring transi­
tion state than with a If-membered ring transition state. One way to 
account for the greater proportion of elimination to substitution pro­
ducts from deamination reactions might be that a higher ratio of 
elimination to substitution occurs from the diazoic acid rather than 
from the carbonium ion.
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CHAPTER IV 
Summary
When this study was initiated I thought that information would 
be obtained about the carbonium ion intermediates formed during the ni­
trous acid deamination reaction. As this study is concluded I am con­
vinced that the most important intermediates in the deamination reaction 
in the systems we investigated are not carbonium ions but rather their 
diazoic acid or diazonium ion precursors. It was fortunate that for 
these compounds most of the products formed from the diazoic acid or 
diazonium ion intermediates could be distinguished from the products 
formed from carbonium ion intermediates.
This study indicates that diazonium ion and diazoic acid in­
termediates in the nitrous acid deaminations of these medium ring al­
cohols have a more important role than had been attributed to them by 
other authors in the field.
One cannot at this time from this study distinguish whether the 
results obtained are applicable to other amine deamination reactions 
or are a special effect of medium ring amino alcohols. As a result of 
this study we anticipate investigations of other amine deamination reac­
tions in order to determine the importance of these intermediates in 
other systems.
The formation of nitrosamines during the deamination reactions 
of 2-aminocyclooctanols was also investigated. This investigation 
indicates that the nitrosamine compounds result from the reaction of the
kb
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amino alcohols with cycloheptanecarboxaldehyde, followed by nitrosation. 
There are four isomeric compounds formed, and each has been tentatively 
identified.
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CHAPTER V 
Experimental
General
All melting points were obtained using a Thomas-Hoover 
Capillary Melting Point Apparatus, and all are uncorrected. Gas- 
liquid chromatography (gc) analyses were carried out on a Hewlett- 
Packard 700 gas chromatograph equipped with a hydrogen flame detector. 
Nuclear magnetic resonance (nmr) spectra were recorded on either a 
Varian A-60A or HA-100 instrument, with the assistance of Mr. William 
Wegner. Infrared spectra were obtained with a Beckman IR-10 spectro­
photometer. Ultra-violet (uv) spectra were obtained with a Beckman 
DB spectrophotometer. Mass spectra were recorded on a Varian M66 
instrument by Cheryl White or on a Consolidated Electrodynamics 
Corporation 2I-I3O instrument by Dr. H. T. Bickley. Microanalyses 
were performed by Mr. Ralph Seab in these laboratories.
The Synthesis of 6-Aminocyclodecanol
6-Aminocyclodecanol was prepared by the procedure developed 
by Cope's group.44*45
trans-9-Decalyl hydroperoxide (i)
In a two-liter three-necked flask, 1.5 liters of decalin was 
stirred and heated to 120°. Oxygen gas was bubbled vigorously through 
the solution, and ZJ g (0.11 mole) of benzoyl peroxide was added in 
small portions every 5"7 minutes over a period of two hours. The
b6
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temperature was maintained between 118-128° during the benzoyl peroxide 
addition and for an additional 20 minutes. The reaction mixture was 
cooled in an ice bath, washed with two 200-ml portions of cold 10$ 
sodium hydroxide solution, and placed in the refrigerator overnight.
The aqueous layer was separated, and the decalin solution was extracted 
seven times with 35-ml portions of ethylene glycol to remove the 
colored impurities. During the ethylene glycol washings, the color of 
the decalin solution changed from dark red to faint pink. The decalin 
solution was washed with 100 ml of cold 10$ sulfuric acid solution, 
then with 100 ml of water and dried (Na2S04). The reaction mixture 
was divided into three 450-ml fractions. Each fraction was chromato­
graphed by passage through 350 g of silica gel (70-325 mesh) that had 
been prewashed with 200 ml of chromatographed decalin. The decalyl 
hydroperoxide was eluted from the column with 0.5 liter of hexane 
followed by 2 liters of methylene chloride. The eluate was collected 
in 200-ml portions. Removal of the solvent with a rotary evaporator 
gave a viscous oil that solidified upon cooling. Decalyl hydroperoxide, 
(5^*7 g> 2.3$) mp 95"960 (lit^mp 95“96°), was obtained by recrystalli­
zation of the solid from hexane^ nmr (CCI4) 6 7*72 (s, 1), l.lf (m, 13)*
trans-9-Decalylbenzoyl peroxide (il)
A solution of trans-9-decalyl hydroperoxide (28.2 g, 0.166 
mole) in 65 ml of pyridine was stirred and cooled in an ice bath. 
Benzoyl chloride (28 g, 0.19 mole) was added dropwise over a period of 
b5 minutes to the cooled solution. The reaction mixture was warmed
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to room temperature and stirred for two hours. Crystals were obtained 
when the reaction mixture was poured, with stirring, into a cold 
solution of concentrated sulfuric acid (70 g in 500 ml of water). The 
oily crystals were removed by filtration, washed with cold water, and 
dried in a vacuum desiccator (CaCl2) for 24 hours. The yield of crude 
peroxide was 56.8 g.
l-Benzoxy-ll-oxabicyclo£4.4.l]undecane (ill)
The crude product II (50 g) was dissolved in 100 ml of absolute 
methanol and refluxed for two hours. The hot reaction mixture was 
filtered, and the crystalline product (30.2 g, 68.4$ from i) was 
obtained from the cooled solution; mp 88-91° (lit44mp 96.5-97*5° after 
three recrystallizations).
6-Hydroxycyclodecanone (IV)
To a solution of H . 2  g (0.20 mole) of potassium hydroxide and
10 ml of water in 400 ml of methanol was added 24.5 g (0.090 mole) of 
III. The mixture was stirred and refluxed for two hours. The resultant 
clear solution was cooled, neutralized with a concentrated hydrochloric 
acid solution, and concentrated with a rotary evaporator. The residue 
was diluted with 100 ml of water, made strongly basic by the addition 
of 6 M sodium hydroxide, and extracted four times with 25-ml portions 
of methylene chloride. The methylene chloride extract was dried 
(Na2S04 ). Evaporation of the solvent gave 14.5 g of white solid that 
was recrystallized from a eyelohexane-hexane solution, yielding 10.2 g 
(67$) of hydroxy ketone, IV; mp 69-71° (lif^^mp 69_70°).
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6-Hydroxycyclodecanone oxime (V)
Hydroxylamine hydrochloride (17-6  g, 0.253  mole) and IV 
(1 7 .6  g, 0.104  mole) were added to 175 ml of a 1:1 absolute 
ethanol:pyridine solution. The mixture was stirred and refluxed for 
three hours, concentrated, and poured into >+00 ml of stirred ice water. 
The crystalline product that formed was removed by filtration, washed 
with water, and dried in a vacuum desiccator (CaCl2). The yield was 
11+.6 g (76$) of oxime, V; mp 109“1H °  (lit45mp 110-112° ) .
6-Aminocyclodecanol (Vi)
Clean, freshly cut sodium (5*0 g, 0.22 g atom) was added in 
small pieces over a period of two hours to a refluxing solution of 
90 ml of dry 1-butanol and >+.0 g (29*9 mmoles) of oxime V. The reac­
tion mixture was stirred and refluxed for an additional half hour, and 
then poured into 60 ml of cold aqueous 10$ sodium hydroxide. The 
product was extracted with four 50-ml portions of ether. The combined 
ether extracts were washed with 100 ml of water, dried (Na2S04 ), and 
concentrated jLn vacuo. The butanol was removed by distillation through 
a Vigreux column at reduced pressure (35 mm). The remaining material 
was distilled through a short path column. ll-Azabicyclo[>+ ,k ,l]undecene 
(VIl) (O.98 g) was collected as a first fraction at 5^-55° (0.5 mm) 
(lit45bp 78-81° at 3*0 mm); nmr (CCI4) 6 5*9 (dd, 1, J = 5*5 and 8 Hz), 
1.8 (m, 16).
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An intermediate fraction (0.5 g) which was a mixture of VI 
and VII was collected between 55“H 9 °  (0.5 mm). 6-Aminocyclodecanol 
(1.5 g) was obtained as a third fraction at 120° (0.5 mm) and an addi­
tional 0.6 g of VI was obtained from the column and by sublimation of 
the pot residue at 90° (1 mm). The compound is slightly hydroscopic 
and because it is a mixture of cis and trans isomers melts over a 
wide range (mp 59"7l°); nmr (CCI4) 6 5*85 (bn1* l)» 2.95 (bin, 1), 1.95 
(m, 1), 1.5 (m, 16). Anal. Calcd for CxOH2iN0: C, TO.2; H, 12.3.
Found: C, 69.7, H, 12.5.
The Synthesis of trans-2-Aminocyclooctanol
trans-2-Aminocyclooctanol was prepared by the procedure of 
Traynham and Yang from cyclooctene via cis-cyclooctene oxide.22
cis-Cyclooctene Oxide (VIIl)
A two-liter flask was charged with methanol (1 liter)} 
potassium bicarbonate (30 g, 0.3 mole), cyclooctene (200 g, 1.82 moles) 
and benzonitrile (I92 g, 1.86 moles). The contents of the flask were 
cooled in an ice bath and stirred while 30$ hydrogen peroxide (230 ml) 
was added dropwise over 1.5 hours. The contents of the flask were 
allowed to warm to room temperature, and stirring was continued for
12 hours. Water (500 ml) was added and the reaction mixture was 
extracted with three 500-ml portions of chloroform. The combined 
extract was washed three times with 300-ml portions of hot water and
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dried (MgSO,*) . The chloroform was removed under reduced pressure, and 
the residue was distilled yielding I76 g (77$) of VIII: bp 106-108°
(50 mm) [lit22 bp 95° (35 mm)].
trans-2-Aminocyclooctanol (IX)
A solution of cyclooctene oxide (70 g, 0.55 mole) in U ;1 
methanol:water (500 ml) was placed in the Paar autoclave, and the 
material was cooled in a Dry Ice/acetone bath. The cooling bath was 
removed, and liquid ammonia (150 ml) was added to the chilled contents. 
The autoclave was sealed and heated at 1U0° (300 psi) for three days.
At the end of the reaction period, the autoclave was cooled and the 
contents filtered and concentrated with a rotary evaporator. The 
residue was further concentrated by vacuum distillation at 35 mm with 
an oil bath temperature to 135°• The residue solidified on cooling and 
was extracted with petroleum ether to remove cyclooctene oxide. The 
product, IX, (1+2.5 g> 53*6$) was obtained by crystallization from ethyl 
acetate, mp 72-73° (lit42 73-7^°); nmr (CC14 ) 6 3-75 (bs, 3), 3-^5 
(m, 1), 3.3 (m, 1), 1.6 (m, 12).
The Synthesis of cis-2-Aminocyclooctanol
cis-2-Aminocyclooctanol was prepared by isomerization of the 
trans compound following procedures developed by Sicher and Svoboda.42
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trans-2-Benzamidoaminocyclooctanol (X)
Benzoyl chloride (18 ml, 22 g, O.I56 mole) was added dropwise 
over a one-hour period to a stirred, ice-cold (0°) mixture of IX (22.0 g,
0.15^ mole), benzene (300 ml), water (300 ml) and sodium hydroxide 
(20 g, 0.5 mole). Stirring was continued for an additional 15 minutes. 
The resultant crystals were removed by filtration, washed with cold 
water, and recrystallized from absolute ethanol, yielding 27 .5 g 
(7h<fc) of the benzamido derivative X; mp I33-I340 (lit42 mp 13^-135°)•
trans-2-Benzamidocyclooctylmethane sulfonate (Xl)
A solution of X (27-5 g> 0.111 mole) in pyridine (300 ml) was
stirred and cooled to -20° in a Dry Ice/carbon tetrachloride bath.
Methane sulfonyl chloride (25 g> 0.22 mole) was added dropwise to the 
solution over a period of one hour. The reaction mixture was placed 
in the freezer overnight. A white crystalline product was obtained 
when the reaction mixture was poured, with stirring, into ice water 
(500 ml). The crystals were removed by filtration, washed with cold 
water, and dried in a vacuum desiccator (CaCl2). The yield of crude 
XI was 3^*0 g (96$)» mp 101-103° (lit42 mp 108-110°).
cis-2-Phenyl-^,5-hexamethylene-A2-oxazoline (XIl)
A mixture of VII (6 g, 18 mmoles) and freshly fused potassium
acetate (3.0 g, 30 mmoles) in absolute ethanol (800 ml) was stirred
and refluxed for 16 hours. At the start of the reflux period a large
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amount of gelatinous precipitate formed. The amount of precipitate 
seemed to diminish during the reaction period although a considerable 
amount of precipitate remained at the end of the reaction period. The 
reaction mixture was concentrated in vacuo, diluted with water (100 ml), 
and neutralized with saturated sodium bicarbonate solution. The aqueous 
solution was extracted three times with 75-ml portions of ether, and 
the combined ether extracts were dried (MgSO.4.) . The solvent was 
removed with a rotary evaporator leaving a viscous oil that solidified 
upon cooling. The yield of crude oxazoline XII was 3*9 g (92$); mp
U6-U8° (lit42 mp 50-5I.5°).
cis-2-Aminocyclooctanol (XIV)
The crude oxazoline XII (3*9 8> 3-7 mmoles) was stirred and 
refluxed for ll+ hours with 120 ml of 10$ aqueous hydrochloric acid.
The reaction mixture was cooled, and the benzoic acid which precipitated 
(2.2 g, 15 mmoles) was removed by filtration. After the filtrate had 
been concentrated at reduced pressure, it was diluted with ethyl 
acetate (1+0 ml) and the solution was concentrated to half volume at 
atmospheric pressure to remove the remaining water as an azeotrope.
The remaining ethyl acetate was removed at reduced pressure to leave a 
colorless oil, which was dissolved in absolute ethanol. Slow removal 
of the ethanol yielded 2.6 g (11+.3 mmoles) of the hydrochloride XIII 
as a hygroscopic crystalline solid.
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The free amine was obtained by dissolving the hydrochloride 
XIII in absolute ethanol and neutralizing with a solution of sodium 
hydroxide in ethanol. The precipitated sodium chloride was removed by 
filtration and the filtrate was concentrated in vacuo. The residue 
was distilled at reduced pressure, and an oil that solidified on 
cooling was obtained; bp 90-91° (1 mm). Further purification of this 
material by sublimation at 70° (1 mm) yielded 1.2 g (U mmoles) of a 
white crystalline solid, XIV, that must be stored and handled under 
nitrogen;* mp 52-53° (lit42 mp 52-5^-°); nmr (CCl4 ) 6 5.1 (bs, 3) > ^«0 
(m, 1), 3.3 (m, 1), 16 (m, 12).
The Synthesis of Cycloheptanecarboxaldehyde
Cycloheptanecarboxaldehyde was prepared from cyclooctatetraene 
by a published procedure,51’52 described in detail below.
2,U,6-Cycloheptatrlene-l-carboxaldehyde dimethyl acetal (XV)51
A suspension of mercuric acetate (80 g, 0.25 mole) in absolute 
methanol (U00 ml) was stirred and cooled in an ice bath. Nitrogen gas 
was bubbled through the suspension, and a solution of cyclooctatetraene 
(26 g, 0.25 mole) in absolute methanol (100 ml) was rapidly added.
Compound XIV is quite hygroscopic and forms a puddle of water even 
in an air-conditioned laboratory in a few minutes. Upon standing, this 
aqueous solution changes to a white solid that melts above 100 and 
over a broad range.
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A white addition compound formed immediately upon mixing the reagents.
This compound was decomposed by stirring the mixture at room temperature 
for two hours and then for another two hours at 60°. A clear solution 
above a puddle of mercury was obtained. The solution was decanted 
from the mercury, and the flask was rinsed with methanol (25 ml). The 
solution volume was concentrated to about 100 ml with a rotary evaporator. 
Ethyl ether (300 ml) was added and the solution was washed with dilute 
sodium hydroxide until the washings were basic, then once with water 
(100 ml) and dried (MgS04). The ether was removed in vacuo, and the 
residue was distilled yielding 33-9 g (92$) of acetal XV; bp 9^"96°
(11 mm) [lit52 90-92° (10 mm)]; nmr (CCI4) 6 6.58 (m, 2), 6.2 (m, 2),
5.2 (dd, 2, J = 5.8 Hz), k .5 (d, 1, J = 8 Hz), 3.25 (S, 6), 2.0 (m, 1).
Cycloheptanecarboxaldehyde dimethyl acetal (XVl)52
A solution of the unsaturated acetal, XV, (31*0 g, 0.186 mole) 
in absolute methanol (100 ml) was hydrogenated in a Paar medium pressure 
hydrogenator with an original hydrogen pressure of 50 Psi and 
approximately 1 g of Pd/C catalyst (50$ water wet). The theoretical 
amount of hydrogen uptake occurred in less than two hours. The 
catalyst was removed by filtration, and the solvent was removed with 
a rotary evaporator. The residue (30.^ + g, 95$) was judged to be 
relatively pure from the nmr spectrum; nmr (CC14) 6 3*95 (d, 1, J = 7 Hz),
3.25 (S, 6), 1.6 (m, 13).
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Cycloheptanecarboxaldehyde (XVIl)52
The saturated acetal, XVI, (30*0 g> O.I7U mole) was hydrolyzed 
by stirring it with 20$ sulfuric acid (225 ml) at room temperature for 
45 minutes under nitrogen. The aqueous solution was extracted with 
three 90-ml portions of ethyl ether. The combined ether extract was 
washed with two 200-ml portions of saturated sodium bicarbonate 
solution and with 50 ml of water. The white crystalline bisulfite 
addition compound of XVII was formed when the ether extract was 
stirred under nitrogen for eight hours with 30$ aqueous sodium 
bisulfite (225 ml). The bisulfite addition compound was removed by 
filtration, washed with ether, and air dried. The solid was suspended 
in ether (300 ml) and stirred under nitrogen with 30$ aqueous potassium 
carbonate (I30 ml) for twelve hours. During this period, all of the 
solid dissolved. The layers were separated, and the aqueous layer 
was extracted twice with 50-ml portions of ether. The ether extracts 
were combined, washed with water (100 ml), and dried (MgS04 ). The 
ether was removed with a rotary evaporator, and the residue was 
distilled to give chromatographically pure aldehyde, XVII (15-8 g>
72$); bp 92-93° (2U mm) [lit52 bp 1*5° (13 mm)]; nmr (CC14) 6 9*52 (S, 1), 
1.55 (m, 13).
The Attempted Synthesis of 6-Aminocyclodecanol from Naphthalene
1.^.5,8-Tetrahydronaphthalene (isotetralin) (XVIIl)53
Liquid ammonia (830 ml) was condensed under nitrogen in a
2-liter, three-neck flask which was equipped with a Dry Ice condenser
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
5 7
and cooled in a Dry Ice/acetone bath. Naphthalene ( 3 1 . 3 g> 0.25*+ mole) 
that had been dried under vacuum (CaClg) for one day was dissolved in 
233 ml of a 4:3 anhydrous ether:absolute ethanol solution. This 
solution was added to the rapidly stirred liquid ammonia over a 
period of 90 minutes. Small, freshly cut pieces of sodium ('jh g,
1.5 g-atom) were added over a period of if.5 hours. One half of the 
sodium was added in the first 30 minutes. With the first addition of 
sodium, the reaction mixture turned a dark blue color that persisted 
throughout the sodium addition. The cooling and stirring were continued 
until the reaction mixture turned white. The cooling bath was removed, 
and the solvents were allowed to evaporate overnight. The resultant 
white residue was suspended in water, filtered, washed with water, 
and recrystallized from methanol. The yield of isotetralin was 30.b g
( 9 b . m p  55-55° (lit53 mp 55°); nmr (ecu) 6 5.75 (S, *0, 2.5
(s, 8).
ka ,8a-Epoxy-1, U , 5,8 -1 e trahydronaphtha1ene (XIX)
A solution of perbenzoic acid (15.8 g, 0.10 mole), prepared 
from benzoyl peroxide and sodium methoxide by the method of Braun,54 
in chloroform (75 ml) was added to a solution of isotetralin, XVIII, 
(13.2 g, 0.10 mole) in chloroform (50 ml) over a period of four hours. 
The reaction mixture was stirred overnight, washed twice with 100-ml 
portions of aqueous 6m sodium hydroxide and three times with 100-ml 
portions of water, and dried (MgS04 ). Removal of the chloroform
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in vacuo yielded a viscous oil that solidified upon cooling. Recrystal­
lization from pentane yielded 9*5 g (69*9$) epoxide, XIX; mp 58-60° 
(lit55 mp 57-60°).
trans-^-a,8a-Dihydroxy-l,^ ,5 ,8-tetrahydronaphthalene (XX)55
To 80 ml of 10$ aqueous acetic acid was added 8 A  g (50.5 
mmoles) of epoxide, XIX. The mixture was stirred for two hours at 
90° and overnight at room temperature. The long white needles which 
formed upon cooling the reaction mixture in an ice bath were removed 
by filtration, washed well with water, and dissolved in 80 ml of 
1.0M potassium hydroxide solution. The solution was heated at 80° 
for two hours; it turned light brown during the heating period.
Colorless fine needles were obtained when the reaction mixture was 
cooled in an ice bath. These needles were removed by filtration, 
washed well with water, and dried in a vacuum desiccator, yielding 
9 g (95$) of diol, XX; mp 81-82° (lit55 mp 80-83°); nmr (CC14 ) 6 
5.63 (m, 4), 2.2 (m, 8), 1.6 (S, 2).
cis,cis-hA,9>9~letrainethoxy-l,6-cyclodecadiene (XXl)55
A solution of diol, XX, (9»0 g> 5^ - mmoles) and trichloro­
acetic acid (U0 g, 2^5 mmoles) in absolute methanol (100 ml) was stirred 
and cooled in an ice bath. A suspension of U0 g of lead tetraacetate 
in acetic acid was added and the mixture was stirred with cooling for 
one-half hour and then at room temperature overnight. One crop of
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crystals was obtained when the reaction mixture was cooled to 0° and 
filtered. A second crop of crystals was obtained by concentrating the 
solution to one-third volume with the rotary evaporator, cooling to 
0°, and filtering. To remove the lead salts, the combined crystals 
were stirred with water (125 nil) for one hour, filtered, and washed 
well with water. The product was dried in a desiccator over CaCl2 
for 2k hours and in a vacuum desiccator over CaCl2 for another 2k hours. 
The yield of crude diketal, XXI, was 4 g (52tfo); mp 185-187° (lit55 
mp 197-200°).
cis,cis-Cyclodeca-5,8-diene-l,6-dione (XXIl)56
A solution of the diketal, XXI, (lf.0 g, 17 9t mmoles) in 15 nil 
of ether was added dropwise with stirring to a solution of 0.5 g of 
£-toluenesulfonic acid, 2 ml of BF3~etherate solution, and 50 nil of 
50$ aqueous acetone. The reaction mixture was stirred for 16 hours 
at room temperature. A pasty solid was obtained when the cooled 
reaction mixture was filtered. This solid was purified by recrystalli­
zation from absolute ethanol to yield 2.1 g ( jk f i) of diketone, XXII;
mp 181-185° (lit55 mp 185-185°).
The Synthesis of ^a,8a-lmino-l,lf ,5,8-tefcrphydroim.phthalene 
^a-Chloro-8a-nitroso-l.lt-, 5 ,8-tetrahydronaphthalene (XXIIl)57
Isotetralin (5*0 g, 58 mmoles) and 6 ml (Ifll- mmoles) of 
isopentyl nitrite were dissolved in ether (25 ml). The reaction vessel
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was cooled in a Dry Ice/carbon tetrachloride bath. Concentrated 
hydrochloric acid (12 ml) was added to the reaction vessel, with 
stirring, over a period of three hours; the cooling and stirring were 
continued for an additional four hours. The light yellow solution 
turned blue early during the addition of the hydrochloric acid, and 
blue crystals formed near the end of the addition period. The impure 
product was obtained by filtration of the cold reaction mixture and 
was purified by recrystallization from carbon tetrachloride. The 
yield of nitrous chloride, XXIII, was 2.6 g (35$)» mP H 3"UL5° (lit53 
mp 118-120°), ir (KBr) 3050, 2900, 2820, i860, 1579, 1^30, 1390, 13^0, 
1280, 1250, 12^0, U10, lOkO, 1000, 910, 7^0, 720, 690 cm"1 ; nmr (CC14)
6 5-6 (m, k ), 3*1 (m» *0 , 1*85 (m, b ) .
a ,8a-Imino-1, If, 5,8 -tetrahydronaphthalene (XXIV)57
A solution of SnCl2*2H20 (6.85 g, 30 mmoles) in 10 ml of 
concentrated hydrochloric acid was stirred and cooled to 5° in an ice 
bath. The cooling bath was removed and XXIII (1.5 g> 7*6 mmoles) that 
had been ground to a fine powder with a mortar and pestle was added 
all at once. The material was stirred for six hours at room temperature. 
During this time the blue color of the reaction mixture slowly dis­
appeared, and at the conclusion of the reaction the mixture was a cream 
color. The reaction mixture was cooled in an ice bath and extracted 
twice with 25-ml portions of pentane. The pentane extracts were 
combined, dried (MgS04) and concentrated in vacuo. The resultant oil 
was dissolved in 35 ml absolute methanol containing 2 g of potassium
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hydroxide. The solution was heated in a water bath at 80° for three 
hours, diluted with water, and concentrated on a rotary evaporator.
The aqueous solution was extracted three times with 25-ml portions of 
pentane. The pentane extracts were combined, washed with 25 ml of 
water, and dried (MgSC>4). Removal of the solvent with the rotary 
evaporator gave O.U g of a light yellow oil, XXIV; ir (neat) 3350>
3020, 2890, 28U0, 1650, IU30, 1350, 1220, 1160, 1060, 998, 850, 78O,
110 cm-1.
The Synthesis of 4a,8a-Methano-l,4,5,8-tetrahydronaphthalene 
4a,8a-Methano-l,4,5,8-tetrahydronaphthalene (XXV)58
A mixture of I3.2 g (0.2 mole) of powdered zinc, 6.0 g 
(0.6 g-aton) of copper (i) chloride, and 50 ml of anhydrous ethyl ether 
was stirred and refluxed for one-half hour. Methylene iodide (12 ml, 
39.6 g, 0.15 mole) was added, and the mixture was refluxed for an 
additional half hour. The heating mantle was removed, and If g 
(30 mmoles) of isotetralin dissolved in 25 ml of anhydrous ether was 
added. The resultant mixture was stirred at room temperature for 
16 hours and then filtered through a sintered glass filter treated 
with celite filter aid. The residue was washed with anhydrous ether, 
and the combined washings and filtrate were concentrated in vacuo 
to yield Mt.8 g of an oily material that turned semisolid on standing. 
This material was distilled at 6-8 mm to yield a slight forerun of 
methylene iodide and three other fractions which were analyzed by nmr 
and gc. The pure compound was isolated by preparative gas chromato­
graphy from fractions # 1 and # 2.
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Fraction # Boiling Point Pressure Grams 'jo XXV
1 72-75° 8 mm 1.8 U5
2 76-9*+° 7 mm 2.2 52
5 95-10l+° 6 mm 0.8 11+
The compound gave the following spectral data: ir (neat) 5020, 2870,
2820, 1650, 1V+0, 121+0, 1160 , 1105 , 1000 , 960 , 950 , 880 , 7 8 0 , 7U0,
665, 650 cm"1 ; nmr (CC14 ) 6 5*5 (m, 1+), 2.22 (m, 8), 5.08 (s, 2); mass 
spectrum (75 eV) m /e (rel intensity) 11+6(17), 11+1(5), 157(1*0 , 129(10), 
128(18), 117(21), 115(10), 105(15), 10M15), 92(1+1), 91(65), 80(7), 
79(20), 78(50), 77(1*+).
The Attempted Synthesis of 6-Aminocyclodecanol from Decahydro-0- 
naphthol.
A9>lo-0ctalin (XXVl)59
Decahydro-0-naphthol (100 g, O .65 mole) was added to 100$ 
phosphoric acid made by dissolving 125 g of phosphoric anhydride in 
100 ml of 85$ phosphoric acid. The solution was stirred and heated 
to I5O0 . A slight vacuum was applied, and the product was steam 
distilled by adding water dropwise to the hot solution. The steam 
distillate was saturated with sodium chloride, and the organic layer 
was separated. Analysis of this organic layer by gc on a 6-ft 
Carbowax column at 180° indicated that the organic layer contained
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66.5$ XXVI and four other minor components. A yield of 65 g of organic 
material was obtained, of which U2 g was octalin XXVI (*<7*7$)-
^a,8a-Epoxydecalin (XXVII)
To an ice cold stirred solution containing 12.6 g (92.6 mmoles) 
of XXVI in 25 ml of chloroform was added 290 ml of a solution of 
perbenzoic acid in chloroform (0 .(A-5 M), prepared from benzoyl 
peroxide and sodium methoxide,54over a four hour period. After the 
addition, the cooling bath was removed, and the material was stirred 
overnight. The reaction mixture was washed twice with 100-ml portions 
of aqueous sodium hydroxide (6 M) and three times with 100-ml portions 
of water, and was dried (MgS04). The chloroform was removed on a 
rotary evaporator. The residue was distilled, and the epoxide XXVII 
(10.2 g, 75$) was obtained at 85-86° ( U  mm):
trans-8a-Formyloxy-^a-decalol (XXVIIl)60
To a solution of 120 ml of 90$ formic acid and it-5 ml of 50$ 
hydrogen peroxide was added 57*5 8 of impure octalin (66.5$, O.I85 mole) 
with stirring over a period of If 5 minutes. The temperature of the
reaction vessel was kept at K5 + 5° with a water bath during the
addition. The reaction mixture was stirred for twelve hours at room
temperature, then at 80° for two hours. Saturated aqueous sodium
chloride (150 ml) was added to the reaction mixture, and it was placed
in the refrigerator. The crystals which formed were removed by filtra­
tion to yield I7 .O g (^8$) of crude formyloxydecalol (XXVIIl).
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trans-4a,8a-decadiol (XXIX)60
The crude product, XXVIII, was stirred for one-half hour at 
room temperature and then for one hour at 50° with 60 ml of a 33$ 
aqueous sodium hydroxide solution. The reaction mixture was diluted 
with 900 ml of water and cooled in the refrigerator. The crystalline 
diol (14.8 g, 95$) was removed by filtration and dried in a vacuum 
desiccator; mp 89-91° (lit60 mp 89-90°)•
1,6-Cyclodecadione ( XXX )56
To a solution of 33 g (O.I98 mole) of diol, XXIX, in 300 ml 
of dry benzene was added 91*0 g (0.9I mole) of lead tetraacetate, and 
the mixture was stirred at room temperature for two hours and then 
refluxed for three hours. After the reflux period, the hot benzene 
layer was decanted from the semi-solid residue, and the residue was 
extracted three times with 50-ml portions of benzene. The benzene 
fractions were combined, washed with four 100-ml portions of saturated 
salt solution, and dried (MgSO^,). The benzene was removed in vacuo, 
and the residue was recrystallized from absolute ethanol to yield 
12.0 g of crude diketone XXX (37$)» mp 98-99° after two recrystalliza­
tions (lit61 mp 99-100°).
Attempted Synthesis of 1,6-Cyclodecadione Monoxime 
Bicyclo[5 .3»0]dec-l(7)-ene-2-one oxime (XXXl)
To a solution of 0.84 g (5.0 mmoles) of the diketone, XXX, 
in 10 ml of absolute ethanol was added a solution of 0.35 g (5*0 mmoles)
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of 96$ hydroxylamine hydrochloride in 20 ml of a 1:1 absolute 
ethanol:pyridine solution. The resultant mixture was refluxed for two 
hours, the solvents were removed in vacuo, and the residual oil was 
poured with stirring into ice water. The light tan crystals which 
formed were removed by suction filtration, washed with cold water and 
air dried. The crude product (0.8 g, mp 125-128°) was further purified 
by vacuum sublimation at 90° (1.5 mm) to give an almost quantitative 
yield of colorless crystals (mp 128-150°); uv max (100$ C2H5OH) 256 mp, 
(e 1.6 x 104 ); ir (KBr pellet) 3180, 5250, 2920, I650, 1^50, 1^10,
1590, 1550, 15^0, 1500, 1XA0, 990, 950, 910, 870, 850, 780, 700 cm-1; 
nmr (CDC13) 6 1.75 (m, 6), 2.5 (m, 8), 8.85 (s, 1); ms (70 ev) m/e 
(rel intensity) 165(2*0, 1^8(81), 128(5), 110(8), 108(8), 95(28), 
81(17), 69(7), 67(8). Anal. Calcd for CiOH15N0 (XXXl): C, 72.7;
H, 7.1; N, 8 .5. Calcd for CiOHi7N02 (diketone monoxime): C, 65-7;
H, 9.5; N, 7.7. Found: C, 72.5; H, 9.2; N, 8 .*t. These data are all
in accord with the structure, XXXI, and with the results published 
by Anderson and Nelson for the reaction of 1,6-cyclodecadione with 
sodium bicarbonate.
The Nitrous Acid Deamination of Medium Ring Alcohols 
Typical Deamination Procedure
The deamination procedure followed was that of Traynham and 
Yang.22 A typical procedure involved dissolving the amino alcohol in 
50$ aqueous acetic acid (about 50 ml of solvent for each gram of amino 
alcohol). This solution was chilled in an ice bath and stirred under
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nitrogen while 2 molar equivalents of sodium nitrite solution (0.1 mole 
of NaN02 per 15 ml of solution) was slowly added. The reaction mixture 
was stirred for Mf-U8 hours. Excess nitrite was decomposed with 10$ 
sulfamic acid solution. The reaction mixture was diluted with an equal 
volume of water, and any crystals that formed at this stage were removed 
by filtration. The aqueous solution was extracted four times with ethyl 
ether, and the combined ether extract was washed with saturated sodium 
bicarbonate solution until gas evolution ceased. The ether extract was 
dried (MgS04), concentrated on a rotary evaporator, and analyzed.
Deamination of 6-aminocyclodecanol - a mixture of cis and trans isomers 
6-Aminocyclodecanol (0.8 g, 2.9 mmoles, mp 59~7l°) was dis­
solved in ^0 ml of 50$ aqueous acetic acid and treated as described above 
to yield 0.5 g of a light yellow oil. The oil was analyzed by gc, ir, 
and nmr techniques. The major component was cis-cyclodec-5-en-l-ol (88$). 
Cyclodecanone was identified as one of the minor components (2$). The 
remaining 10$ of the mixture consisted of two unidentified volatile com­
ponents and two components, that are probably acetates48, with long gc 
retention times.
A second deamination was performed on a sample with a differ­
ent melting-point range (mp 83-97°) and found to give an identical 
product distribution by gc and nmr techniques.
Control Reaction
6-Aminocyclodecanol (0.1h8 g, O .865 mmole) was dissolved in
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7 nil of 50$ aqueous acetic acid with cooling and stirring. Sodium ni­
trite solution (6.7M, 0.5 ml) was added, and the mixture was stirred for 
10 minutes, worked up as quickly as possible, and analyzed by nmr and 
gc. The analysis indicated a 1:2.2 cis:trans ratio for the 5-cyclc- 
decen-l-ol portion of this reaction mixture.
Deamination of cis- and trans-2-Aminocyclooctanols
Deamination of cis-2-aminocyclooctanol in the presence of cycloheptane-
— w w n m w — —  ■ — j S S U U — ■■■— II.MI-I— .1.— I■— ■■ ■ ! .11 ■■■ .■     ■! m» I—  !■  ■■ ■ 1 ■  .......... ....
carboxaldehyde
A 2.0 g (11.0 mmole) sample of cis-2-hydroxycyclooctylammonium 
chloride was dissolved in 70 ml of 50$ aqueous acetic acid, and to this 
solution was added 1.4 g (U.O mmoles) of cycloheptanecarboxaldehyde.
The mixture was deaminated as described above. During the work-up, 
before extraction with ether, light yellow crystals of compound 9b 
formed and were removed by filtration (1.5 g> 41.5$). The melting point 
after recrystallization was 84.8-86.0° (lit22 mp 85-86.5°). The filtrate 
was treated in the usual manner. Analysis by gc and uv showed that the 
filtrate was mostly cycloheptanecarboxaldehyde but did contain some 
cyclooctanone and nitrosamine compound gb.
Deamination of trans-2-aminocyclooctanol in the presence of cycloheptane- 
carboxaldehyde
trans-2-Aminocyclooctanol (2.0 g, 14 mmoles) and cycloheptane­
carboxaldehyde (1.8 g, 14 mmoles) were dissolved in 70 ml of 50$ aqueous 
acetic acid and deaminated as described previously. No crystals formed 
during the work-up, and evaporation of the ether yielded 5.4 g of a
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yellow oil. Combined gc and ranr analyses indicated the following product 
distribution: nitrosamine compound, 16^ 62$; cycloheptanecarboxaldehyde,
3*1-$; and cyclooctanone, 1$..
Deamination of cis-2-aminocyclooctanol in the presence of benzaldehyde
cis-2-Aminocyclooctanol (0.57 g» ^«0 mmoles) and 0.50 g (l+.O 
mmoles) of benzaldehyde were dissolved in 25 ml of 50$ aqueous acetic 
acid. This mixture was deaminated and worked up as previously described 
to yield 0.9 g of a yellow oil. No crystals formed during the work-up 
but the reaction mixture became cloudy. Combined gc and nmr analyses 
indicated the following product distribution: nitrosamine compound 9b,
17$; cycloheptanecarboxaldehyde, 9$; cyclooctanone, 22$; and aromatic 
nitrosamine compounds, I9$.
Deamination of trans-2-aminocyclooctanol in the presence of benzaldehyde
trans-2-Aminocyclooctanol (2.0 g, 111- mmoles) and 1.5 g (ll+ 
mmoles) of benzaldehyde were dissolved in 70 ml of 50$ aqueous acetic 
acid. This mixture was deaminated and worked up as previously described 
to yield 3*2 g of yellow oil. Again no crystalline product formed during 
the work-up. Combined gc and nmr analyses indicated the following product 
distribution: nitrosamine compound,16. 15$» cycloheptanecarboxaldehyde,
14$; cyclooctanone, 4$; and aromatic nitrosamine compounds, 25$.
Deamination of cis-2-aminocyclooctanol with added biphenyl
cis-2-Bydroxycvclooctylammonium chloride (0.622 g, 3»5
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mmoles) and biphenyl (0.107 g, 0.9 mmole) as an internal standard were 
stirred in 25 ml of 50$ aqueous acetic acid. Sodium nitrite solution 
(1.4 ml) was added, stirring was continued for 48 hours, and 0.40 g of 
yellow oil was obtained from the mixture. Combined gc and nmr analyses 
revealed the following product distribution: nitrosamine compound gb,
55$; cyclooctanone, 14.2$; cycloheptanecarboxaldehyde, 6.8$; acetoxy- 
cyclooctanols,~lO$; other minor components, 4.0$.
Deamination of trans-2-aminocyclooctanol with added biphenyl
trans-2-Aminocyclooctanol (1.5 g> 10 mmoles) and biphenyl 
(1.5 g, 10 mmoles) as an internal standard were stirred in 50 ml of 
50$ aqueous acetic acid. Sodium nitrite solution (3 ml) was
added, stirring was continued for 48 hours and the reaction worked up, 
yielding 2.5 g of product. Combined gc and nmr analyses revealed the 
following product distribution: nitrosamine compounds,16, 49«5$»
cyclooctanone, 4.8$; cycloheptanecarboxaldehyde, 25.2$; acetoxycyclo- 
octanols, ~10$; other minor components, 4.2$.
Mixing of cis-2-aminocyclooctanol and cycloheptanecarboxaldehyde prior 
to addition of sodium nitrite
cis-2-Hydi'oxycyclooetylammohium chloride (0.420 g, 2.35 
mmoles) and cycloheptanecarboxaldehyde (0.448 g, 3*55 mmoles) were stirred 
in 50$ aqueous acetic acid (25 ml) under a nitrogen atmosphere for 48 
hours. To the resultant solution was added 1.5 ml of the sodium nitrite
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solution, stirring was continued for 2k hours, and the reaction was 
worked up as previously described. Upon the addition of sodium nitrite 
the reaction mixture became cloudy, followed by an accumulation of oil 
on the surface of the liquid. Nmr analysis of the product mixture 
indicated a 72^ yield of nitrosamine compound 9b.rJ
Mixing of trans-2-aminocyclooctanol and cycloheptanecarboxaldehyde 
prior to addition of sodium nitrite
trans-2-Aminocyclooctanol (1.2 g, 8.3 mmoles) and cyclohep­
tanecarboxaldehyde (1.2 g, 9*5 mmoles) were stirred in 50$ aqueous 
acetic acid (1*0 ml) under nitrogen for U8 hours. To the resultant 
solution was added 3*0 ml of sodium nitrite solution, stirring was 
continued for 2k hours, and the reaction was worked up as previously 
described. Nmr analysis of the product indicated a 26$ yield of nitro­
samine compound 16 and 65$ yield of nitrosamine compound 9c* Similarnsv no
results were obtained when the reactants were stirred together for 2k 
hours prior to the sodium nitrite addition. The nitrosamine portion 
of the reaction mixture was concentrated by removal of the volatile com­
ponents by steam distillation.
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APPENDIX I
Nmr Spectral Study of lfa,8a-Epoxy-, ^a,8a-Imino-, and 
^a,8a-Methano-l,K,5,8-tetrahydronaphthalene
In the course of our investigation, we synthesized isotetralin 
by the Birch reduction of naphthalene.53 We were a little surprised by 
the simplicity of the nmr spectrum of this compound. On both the 
60 MHz and 100 MHz instruments the spectrum consisted of two singlets 
at 5*76 and 2.56 with area ratios of 1:2, respectively. A literature 
search on this compound did not reveal any prior publication of its 
nmr spectrum.
The spectra can be explained by either a planar configuration 
for the compound or a non-planar configuration that is interconverting 
faster than the nmr time scale. A study of models shows a planar form 
to be unlikely. The planar form seems to be a strained form (angle 
strain), whereas the non-planar forms have no angle strain and fewer 
H-H interactions. The compound was subjected to low temperature nmr 
studies to see if the absorption pattern changed or if line broadening 
occurred with change in temperature. Even at -60° no change in the nmr 
spectrum was observed; nor was the spectrum altered in appearance by 
use of different spectrometer frequencies (60 and 100 MHz), by change 
of solvent from carbon tetrachloride to acetone to benzene, or by 
attempted spin decoupling experiments. These observations do not allow 
one to choose between the two alternate configurations, but the 
observation does indicate that if this spectrum is the result of 
interconverting structures, the energy barrier for interconversion 
is small.
71
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Models indicate that l,U-cyclohexadiene compounds exist in 
shallow boat forms. Many workers have studied the conformation of
 65
1,^-cyclohexadienes 62 and the related compounds, l,i+-dihydronaphthalenes 66 
and 5,10-dihydroanthracenes. 69 Although the data have led to conflicting 
evidence, most recent data seem to indicate that the non-planar form 
is the actual conformation of these molecules. A further conclusion 
that one reaches from a consideration of the models is that in these 
systems the ring flips can occur independently. This conclusion is in 
contrast to that of Gilboa, Altman and Lowenstein70 about the ring 
inversions in the related 9>l0-disubstituted cis-Aa>e-hexalins and 
[^.U.4.]propella-3,8,l2-triene. These workers measured the kinetic 
parameters, E , log Ko> AS , and AG , for 3-cis-hexalins (j)
CH2R
R - CN, Br, COCHg
CHsR
J
and for propellatriene. Their kinetic data were obtained by measuring 
t, the mean life-time of a conformer obtained by the change in nmr 
line shape with temperature. For the hexalin system they used the 
four line AB pattern of the exocyclic methylene groups, and for 
propellatriene the ABX pattern of the methylene groups.
The kinetic parameters are obtained by measuring 1 / t  vs. 1/T. 
For comparison of their data with other experimental and calculated
values, they used AG because this value is less sensitive to experimental
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
7 3
inaccuracies. They obtained a AG for the hexalin system of 12.2-14.2
kcal/mole, and for the propellatriene system a value of 16.7 kcal/mole.
+
The AG values they obtained for the hexalins are about twice the 
calculated and experimental value for cyclohexene, and the value they 
obtained for propellatriene is three times the calculated and experi­
mental value for cyclohexene. They state that these results are in 
accord with the assumptions that the boat conformation is of highest 
energy in the conformational sequence and both rings interconvert 
simultaneously. They further state that in these unsaturated compounds 
the reaction profile seems to contain only one maximum.
The transition state for this simultaneous ring flip would 
have the bridgehead carbons eclipsed and all the cyclohexene rings 
would be in the boat conformation.
The nmr spectra of the 4a,8a-epoxy, -imino, and -methano 
derivatives of isotetralin (XIX, XXIV, XXV) might lend some insight into
XIX XXVXXIV
the processes occurring in the above-mentioned interconversions. The 
compounds have a hybridization71 at the bridgehead somewhere between 
the sp2 hybridization of isotetralin, 1,4-dihydronaphthalene, and 
dih’ydroanthracene mentioned earlier, and the sp3 hybridizations of the 
hexalins and propellatrienes studied by Gilboa's group. Since the
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three-membered ring locks the bridgehead carbons into the eclipsed 
conformation, these compounds should be excellent models for the 
transition state proposed by Gilboa's group for the hexalin and 
propellatriene interconversion.
The syntheses of XIX, XXIV, and XXV are described in the 
Experimental section of this Dissertation. The 60 and 100MHz spectra 
and the results obtained from spin decoupling experiments with these 
compounds are shown in Figures 10-14. The spectra of all the com­
pounds are very similar and small couplings are evident in the vinyl 
region, 6 5, and the methylene region, 6 2, of all three compounds.
The methano protons of compound XXV absorb as a sharp singlet 
at 6 0.52 which indicates that the molecule is symmetrical or that it 
exists in rapidly equilibrating conformations. Equilibrating conforma­
tions are indicated also by the small couplings and the sharpness of 
the absorptions in the spectrum.
Consideration of models indicates that the cyclohexene rings 
are in boat conformations. As a consequence of the three-membered ring, 
flippings of the cyclohexene rings will not make the methylene protons 
equivalent. This should result in an ABX spectral absorption pattern 
for these molecules, which, upon irradiation of the vinyl absorptions, 
would result in an AB pattern. Obviously the decoupled spectra we 
obtained are not a simple AB pattern. The related but simpler spectra 
of 1,4-dihydrobenzenes have been reported to exhibit long range 1,4 
couplings of 11 Hz for axial-axial interaction and 7.5 Hz for equatorial- 
axial interaction.62 Similar long range couplings in the system under 
study would result in a 16-line methylene AB pattern in the decoupled
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spectra.
Assuming (1) an AB chemical shift difference of 6 Hz; (2)
JAa« = jBBi= 12 Hz; and = JQ.A =7 Hz, which results in
=16 Hz, the following 16-line pattern was constructed.
It would seem likely that the nmr pattern observed could be 
the result of couplings and chemical shifts of approximately the mag­
nitudes indicated. Computer assisted matching of these parameters 
could yield a spectrum similar to that obtained with minor changes of 
the estimated parameters.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
APPEND IX I I
NMR SPECTRA
76
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
PP
M 
(T
)
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
7 8
oo
rH
CM
H ▼
■4.
w
13Std
CM
m  .n
o CT\
w rO 
G Gn0)
4-1
4J
CM
DOCUEoPu o
60 o 
C B
•r4 «H tH £Cu cM 
3 co
o oO J-C 
Q) 4-1
« -Ha
E <4-1
§ o
VO
0)
V4D
60
•ri
Pu
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
PP
M(
T)
7 9
X I
o
N
OVO
o
o
o
i
<uuDbO•H
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
R
eproduced 
with 
perm
ission 
of the 
copyright 
ow
ner. 
Further 
reproduction 
prohibited 
w
ithout 
perm
ission.
PPM (T)
" »"~ r  1 '
>_H->
iOO 300 200 1 0 0 60 MHz 0 H:°
C H p C l
PPM (5)
Figure 8. Nmr Spectrum of Nitrosamine Product Mixture from
Reaction of trans-2-Aminocyclooctanol and Cycloheptane­
carboxaldehyde Prior to Addition of Sodium Nitrite
8 1
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
H»
M(
 5
)
Fi
gu
re
 
9*
 
Nm
r 
Sp
ec
tr
um
 
of
 
Is
ot
et
ra
li
n
8f
o
VO
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
Fi
gu
re
 
10
. 
Nm
r 
Sp
ec
tr
um
 
of
 
^a
,8
a-
Ep
ox
y-
l,
4,
5,
8-
te
tr
ah
yd
ro
na
ph
th
al
en
e
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
10
0 
MH
z
8r>
J v>CVI
CM
tO
fO
If)
^  o
00
Nf
CM
J
ro
h-
ro
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
Fi
gu
re
 
13
« 
De
co
up
le
d 
Nm
r 
Sp
ec
tr
um
 
of
 
Ep
ox
y-
 
an
d 
Im
i 
n
o
-t
e 
tr
ah
yd
ro
na
ph
th
a1
en
es
86
If
4-
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
Fi
gu
re
 
3J
+.
 
De
co
up
le
d 
Nm
r 
Sp
ec
tr
um
 
of
 
l+
a,
8a
.-
Me
th
an
o-
 
1,
 i
f, 
5,
8 
- t
et
ra
hy
dr
on
ap
ht
ha
 
le
ne
APPEND IX I I I
Structures and Key Numbers of Synthesized Compounds
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